###### Strengths and limitations of this study

-   To our knowledge, Microbiology APPendicitis ACuta (MAPPAC) is the first prospective trial comparing the role of microbiology and immunology including immune response in the aetiology of uncomplicated and complicated acute appendicitis in a large patient cohort consisting of CT-diagnosed patients also specifically evaluating appendicoliths and recurrent appendicitis after initial successful conservative treatment.

-   The strong synergy between two ongoing randomised clinical trials APPendicitis ACuta II and III enabling a large prospective patient cohort of acute appendicitis patients with associated clinical data to be assessed with the microbiological and immunological findings.

-   The application of next-generation sequencing combined with traditional culturing methods will provide extensive information about the microbiological factors in the aetiology of complicated and uncomplicated acute appendicitis, also presenting a challenge in differentiating between aetiological and non-aetiological microbiota in the specimens.

-   The comprehensive approach of the MAPPAC study acquiring a large set of samples in the emergency surgery setting presents a challenge to surgeons on call and some patients may not have all study samples available.

Introduction {#s1}
============

Acute appendicitis is one of the most common causes of abdominal pain in the emergency departments. The lifetime risk of acute appendicitis in males is 8.6% and 6.7% in females[@R1] with recent meta-analysis showing an increasing trend in appendicitis incidence in the industrialised countries.[@R2] Based on the epidemiological and clinical data, acute appendicitis can present either as uncomplicated or complicated with the majority of cases being uncomplicated.

The different epidemiological trends of uncomplicated and complicated acute appendicitis indicate different pathophysiology.[@R3] Despite the high incidence of acute appendicitis, there are very few reports on appendicitis aetiology and pathophysiology especially focusing on the possible differences between uncomplicated and complicated acute appendicitis. Complicated acute appendicitis in this trial is defined as a finding of perforation, appendicolith, abscess or a suspicion of tumour. Appendicolith is a calcified faecal concretion in the appendix and it is the most common form of complicated acute appendicitis. Even though the first thorough study on appendicoliths was already reported in 1966,[@R4] the information about appendiceal calculi is scarce. Obstruction of the appendiceal lumen caused by an appendicolith, lymphoid hyperplasia or swelling has been evaluated to be the primary cause of appendicitis and bacterial overgrowth has been considered as a consequence.[@R5] However, bacterial infection has also been proposed as the primary cause of appendicitis.[@R6] *Bacteroides* species are reported to be one of most common bacterial findings in appendicitis.[@R8] Further, certain members of the *Fusobacteria*, especially *Fusobacterium nucleatum* and *Fusobacterium necrophorum*, are present in most appendicitis samples.[@R6] The most common aerobic bacteria organism detected by culturing is *Escherichia coli*, but also *Klebsiella pneumoniae, Streptococcus spp, Enterococcus spp* and *Pseudomonas aeruginosa* have been reported.[@R10] To our knowledge, only one study with a very small number of patients has characterised the adult appendiceal microbiota profile with next-generation sequencing (NGS) methods. Appendix seems to have diverse microbiota, including both commensal species from gut microbiota (GM) and opportunistic pathogens.[@R12] Since the interindividual variability in the microbial composition of the appendix samples is high,[@R12] a larger number of appendicitis patients are needed to draw the microbiological conclusions. Since most of the species identified from the appendix with both culturing and NGS methods can also be part of normal GM, it is challenging to determine their role in the infection.[@R14] In addition, the immune response and predisposition for infection by specific bacteria vary between individuals. Consequently, innate immunity is considered to be a contributing factor in the development of complicated appendicitis.[@R15] In conclusion, several factors have been proposed to take part in the development of appendicitis, most importantly, obstruction of the lumen and bacterial infection. Research on aetiopathology has largely been focusing on complicated acute appendicitis.[@R5]

Antimicrobials decrease GM diversity, richness and species variation, and cause a perturbation in its overall balance. Particularly broad-spectrum antibiotics have been shown to have a long-term effect on GM profile.[@R16] A prolonged disturbance in GM and the following imbalance with the host and its immune system have been associated with a variety of diseases, such as inflammatory bowel disease[@R18] and type 2 diabetes.[@R19] Antibiotic use can further lead to increased prevalence of antibiotic resistant bacteria and antibiotic resistance genes.[@R20] Although the effects of antibiotic treatment on the development of antimicrobial resistance (AMR) are less clear in countries with lower prevalence of resistant bacteria,[@R23] the evaluation of antibiotic treatment effects on GM is essential in the treatment of acute appendicitis.

Appendectomy has unquestionably been the standard treatment for acute appendicitis for over a century with more than 300 000 appendectomies performed annually in the USA.[@R3] The original APPendicitis ACuta (APPAC) trial reported that at long-term follow-up, the majority of patients with CT-confirmed uncomplicated acute appendicitis were successfully treated with antibiotics, and those patients who required later appendectomy did not have increased or major complications.[@R25] Antibiotic therapy for CT-confirmed uncomplicated acute appendicitis has been shown to be safe, efficient and cost-effective both in adult and paediatric patients.[@R27] APPAC II trial aims to optimise antibiotic treatment for CT-confirmed uncomplicated acute appendicitis in order to both shorten the hospital stay and restrict the antibacterial spectrum. The APPAC III trial aims to assess symptomatic treatment of uncomplicated acute appendicitis and the role of antibiotics in the resolution of uncomplicated appendicitis. The Microbiology APPendicitis ACuta (MAPPAC) trial patient enrolment is based on the ongoing APPAC II and III randomised multicentre clinical trials of our study group. To our knowledge, there are so far no similar large microbiological studies focusing on acute appendicitis performed in conjunction with large clinical trials with prospective access to both uncomplicated and complicated appendicitis patients. MAPPAC trial aims to evaluate the possible role and differences in the microbiological aetiology of complicated and uncomplicated appendicitis with a special reference to the presence of an appendicolith. In addition, MAPPAC aims to evaluate the immunological and microbiological factors involved in appendicitis recurrence after successful initial antibiotic therapy. In the longitudinal study arm, we also aim to assess the effects of antibiotic and placebo treatment on the GM profile and the effects of hospital stay duration on the AMR reservoir of the GM.

Methods and analysis {#s2}
====================

Study design {#s2-1}
------------

MAPPAC is a prospective clinical trial with a single-centre and a multicentre arm. The single-centre study arm at Turku University Hospital aims to determine the possible differences in the aetiology of complicated and uncomplicated acute appendicitis with a special reference to the role and aetiology of appendicolith. In the multicentre longitudinal arm, MAPPAC trial concentrates on assessment of possible immunological and microbiological factors involved in initial non-responders or appendicitis recurrence after the successful initial antibiotic therapy at long-term follow-up. In this longitudinal multicentre study arm, we also aim to evaluate the effects of antibiotic and placebo treatment on the GM and the effects of the duration of the hospital stay on the possible AMR reservoir within the GM. MAPPAC protocol was drafted in accordance with the Standard Protocol Items: Recommendations for Interventional Trials statement.[@R32]

The three ongoing study entities (APPAC II, APPAC III and MAPPAC) are strongly interconnected having a common study aim and a patient enrolment population ([figure 1](#F1){ref-type="fig"}). APPAC II trial is a randomised open-label, non-inferiority multicentre trial to compare intravenous antibiotic therapy followed by per oral (p.o.) antibiotics with p.o. monotherapy in the treatment of uncomplicated acute appendicitis (NCT03236961).[@R33] APPAC III trial is a randomised double-blind, placebo-controlled, superiority multicentre study to compare antibiotic therapy with placebo in the treatment of uncomplicated acute appendicitis (NCT03234296).[@R34] All incoming patients are informed of all ongoing trials. All patients invited to participate in APPAC II and III trials will be invited to participate in the MAPPAC trial. Patients recruited for the APPAC II or III trial are asked to sign a separate consent form for the MAPPAC trial allowing for the use of their data and collection of microbiological samples. The study flow is illustrated in [figure 2](#F2){ref-type="fig"}.

![The synergy between MAPPAC, APPAC II and III studies. APPAC II, APPendicitis ACuta II; i.v, intravenous; MAPPAC, Microbiology APPendicitis ACuta; p.o., per oral.](bmjopen-2019-031137f01){#F1}

![Flow chart of the study protocol. APPAC II, APPendicitis ACuta II; i.v, intravenous; MAPPAC, Microbiology APPendicitis ACuta; p.o., per oral.](bmjopen-2019-031137f02){#F2}

Patient selection {#s2-2}
-----------------

Eligible for inclusion are all adult patients 18--60 years presenting with either a CT-confirmed uncomplicated or complicated appendicitis or patients with a suspected recurrent appendicitis after initial successful antibiotic therapy for uncomplicated acute appendicitis. MAPPAC single-centre arm will enrol patients with both uncomplicated (both APPAC II and III trials and patients declining to participate in these trials undergoing appendectomy) and complicated acute appendicitis (patients excluded from APPAC II and III trials) at Turku University Hospital. The enrolment of uncomplicated acute appendicitis patients participating in the APPAC III trials will be performed at all APPAC III hospitals (all five Finnish university hospitals: Turku, Helsinki, Tampere, Oulu and Kuopio). In addition, all of the APPAC II and III trial patients having to undergo appendectomy either for a treatment failure during the primary hospitalisation or for suspected recurrence after a successful initial non-operative treatment will be enrolled in the MAPPAC trial at all 10 study hospitals (all 5 university and 5 central hospitals in Finland: Jyväskylä, Pori, Mikkeli, Seinäjoki and Rovaniemi).

Study setting and feasibility {#s2-3}
-----------------------------

The study was initiated at Turku University Hospital in April 2017, with the study commencing at all study centres by fall 2017. The majority of MAPPAC patient enrolment is evaluated to be completed in conjunction with the APPAC II and III trials latest by fall 2020. Patient recruitment in the MAPPAC trial will continue for a minimum of 5 years after APPAC II and III trial enrolment completion based on the planned microbiological assessment of late appendicitis recurrence.

Interventional groups {#s2-4}
---------------------

Four interventional groups within MAPPAC are defined as follows:

1.  Patients with uncomplicated acute appendicitis participating in the APPAC II trial at Turku University Hospital (MAPPAC single-centre treatment arm) receiving either intravenous antibiotic therapy followed by p.o. antibiotics (intravenous+p.o.) or patients receiving p.o. antibiotic monotherapy (p.o.). Intravenous*+*p.o. group receives intravenous ertapenem 1 g once daily for 2 days followed by p.o. levofloxacin 500 mg once daily and metronidazole 500 mg three times per day for 5 days. P.o. group receives p.o. moxifloxacin 400 mg once daily for 7 days.

2.  Patients with uncomplicated acute appendicitis participating in the double-blinded APPAC III trial at all five university hospitals (MAPPAC multicentre treatment arm) receiving either antibiotic therapy or placebo treatment. Antibiotic treatment is intravenous ertapenem 1 g once per day for 3 days followed by p.o. levofloxacin 500 mg once per day and metronidazole 500 mg three times per day for 4 days. Placebo treatment entails intravenous placebo once per day for 3 days followed by p.o. placebo three times per day for 4 days.

3.  Patients with uncomplicated acute appendicitis or suspected recurrent appendicitis undergoing appendectomy.

    The patients in this group will undergo laparoscopic appendectomy either after declining to participate in the APPAC II or APPAC III trials (MAPPAC single-centre treatment arm at Turku University Hospital) or after suspected treatment failure of non-operative treatment or after presenting with suspected appendicitis recurrence after initial successful non-operative treatment (MAPPAC multicentre treatment arm, all APPAC II and III hospitals)

4.  Patients with complicated acute appendicitis undergoing appendectomy. The patients in this group will undergo laparoscopic appendectomy and are eligible for enrolment only in the MAPPAC single-centre study arm at Turku University Hospital.

Sample collection {#s2-5}
-----------------

Rectal swabs are collected from all patients in the emergency department prior to antibiotic treatment or surgery (time point 0). Further, rectal swabs are collected on the first day for APPAC II patients and for APPAC III patients on the first day (Turku University Hospital) and on the third day (all five university hospitals). At each time point, two rectal swabs are collected: Amies-Coal transport swab for culturing methods (Sarstedt, Nümbrecht, Germany) and Puritan DNA/RNA swab (Puritan Medical products, Guilford, Maine) with shield fluid (Zymo Research, Irvine, Canada) for microbial DNA extraction. The shield fluid in this collection tube allows the transportation at room temperature.

Samples from the appendix are collected from the patients undergoing appendectomy for complicated or uncomplicated acute appendicitis and from the patients with suspected disease progression during the primary hospitalisation or appendicitis recurrence after successful initial non-operative therapy. Samples include routine histology as well as specific trial swabs and biopsies. The appendix is opened vertically with a sterile scalpel and two swabs are taken similar to the rectal swab (one for culture and one for DNA extraction). Three biopsies are taken at a distance of approximately 2 cm from the base of the appendix. All biopsies are stored at −75°C, one immediately and the rest two are first embedded in RNAlater solution (Thermo Fisher Scientific, Waltham, Massachusetts, USA). Possible appendicoliths are collected into a sterile container, frozen and stored at −75°C. If appendectomy is performed during office hours, appendiceal samples are collected by study personnel and an additional swab for anaerobic culture is then collected and cultured in connection with collection and immediately transferred into an anaerobic jar. During on call hours, the samples are collected by surgeons and the −75°C appendiceal biopsy may not be collected. These appendiceal samples are collected only in the Turku University Hospital and at the other study hospitals only a swab sample (transport tube with DNA shield fluid) from the appendix of non-responders and patients with appendicitis recurrence is collected.

Additional serum samples are collected from all the patients recruited in MAPPAC trial at Turku University Hospital and for APPAC III trial at all five study hospitals for the identification of possible disease form specific inflammatory biomarkers in serum. The serum samples are divided into six aliquots prior freezing at −75°C.

Questionnaire {#s2-6}
-------------

MAPPAC patients are asked to fill a primary questionnaire during the initial hospitalisation covering topics possibly affecting their GM profile: chronic diseases, special diets, smoking and alcohol consumption, travel history, antibiotic intake, other medications (12 months prior the sampling), consumption of probiotics and other dietary supplements, recent diarrhoea and/or vomiting, Bristol stool form scale estimate[@R35] measuring stool consistency (1 for very hard stool to 7 for diarrhoea) and the average number of defecations per day.

Follow-up during the hospitalisation {#s2-7}
------------------------------------

During the hospitalisation, the following parameters will be recorded every 24 hours: pain assessed by Visual Analogue Scale (VAS), leucocyte count, C reactive protein (CRP), temperature and clinical findings at patient reassessment. If the patient is suspected of not responding to the randomised therapy based on clinical deterioration signs combined with laboratory findings (signs of peritonitis, persisting fever, increasing pain, white cell count or CRP), the patient will be operated based on the surgeon's decision and the reasons for proceeding to appendectomy will be recorded. For appendectomy, laparoscopic approach is recommended. The operative findings and the histopathology of the appendix will be recorded. After the initial hospitalisation, recurrent acute appendicitis will be diagnosed on a clinical basis and patients with a suspected recurrence of appendicitis will undergo a laparoscopic appendectomy.

Follow-up {#s2-8}
---------

The specific MAPPAC trial follow-up is conducted for patients also participating in the APPAC II and III trials with collection of three faecal samples at home (at 1 week, 6 months and 1 year). Follow-up samples at home are not collected in MAPPAC interventional groups undergoing appendectomy. The follow-up faecal sample is collected into 10 mL DNA/RNA Shield Faecal Collection Tube (Zymo Research) enabling transportation and storage at room temperature prior to DNA extraction. Patients also deliver a faecal sample into a gel tube for culture purposes. A follow-up questionnaire is collected at 6 and 12 months consisting of the same questions as the preliminary questionnaire covering the time between hospital discharge and the follow-up time point. Other follow-up for patients in APPAC II trial will include a phone interview at 1 week after discharge, APPAC III trial patients have their first follow-up call 2--4 days after discharge from the hospital and then at 10 days, both trials at 2 months and at 1, 3, 5 and 10 years. The follow-up for APPAC III patients will include laboratory tests (leucocyte count, CRP and additional follow-up serum samples).

Outcome parameters {#s2-9}
------------------

Based on the MAPPAC trial design, no specific primary endpoint can be determined. The following parameters will be recorded for all patients: age, gender, body mass index, clinical findings on admission (tympanic temperature, nausea, pain or tenderness in the right lower abdominal quadrant, pain migration, VAS pain scores, white cell count, CRP, findings on CT imaging) and data on primary and follow-up questionnaires. Blood cultures will be obtained from patients with complicated acute appendicitis and for APPAC II and III trial patients at Turku University Hospital.

The following outcome parameters will be assessed based on the sample types collected:

### Parameters from the appendix, that is, patients undergoing appendectomy {#s2-9-1}

Operative details and histopathology of the appendix, host transcriptomics, proteomics and immunohistochemical analysis from appendiceal biopsy, possible appendicolith composition, morphology and classification.

### Microbiological parameters from the rectal and appendiceal swabs, faecal and appendiceal samples {#s2-9-2}

Microbial profile, metagenome and metatranscriptome, name of different identified bacterial species, number of species identified both by NGS and culture methods, antimicrobial susceptibility test results, the presence of AMR-related genes by molecular analysis methods, bacterial genome data of AMR or virulence genes, all microbial data combined with clinical and additional data.

### Serum samples {#s2-9-3}

In order to compare possible differences between patients with successful antibiotic therapy to patients with either failed antibiotic therapy or complicated acute appendicitis, the serum samples will be analysed to identify possible inflammatory or immunological markers. Different cytokines, chemokines and growth factors as well as serum metabolome will be included in these analyses. Additional analysis include the level and activity of CD73 and soluble vascular adhesion protein-1. List for analytes that will be screened is provided in the [online supplementary methods](#SP1){ref-type="supplementary-material"}.
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Laboratory methods used in the trial to analyse the collected samples are described in detail in the [online supplementary material](#SP1){ref-type="supplementary-material"}.

Statistical analysis {#s2-10}
--------------------

Based on the explorative research nature of the MAPPAC study, there is not enough information available about the study aims to enable sample size calculations. Categorical variables of the study will be characterised using frequencies and percentages. For continuous variables means and SD or medians with range and 25th and 75th percentiles will be used. In case of categorical outcomes, groups will be compared using Pearson's χ² test and if further analyses will be needed, logistic regression models will be used. Group differences in continuous variables will be evaluated using independent samples t-test, analysis of variance or non-parametric methods, if needed. Associations between continuous variables will be evaluated using correlation coefficients and linear regression analysis and if adjustments are needed, linear models will be used. Continuous outcomes measured in several time points will be analysed using linear mixed models. For categorical outcomes with repeated measurements, generalised linear mixed models will be used. The assumptions of the methods will be checked for justification of the analyses and transformations will be used for the variables, if needed. The study site differences will be evaluated in statistical models and if major differences are detected, more complicated statistical models will be used in the analyses. Two-sided p values will be used and p values less than 0.05 will be considered statistically significant. The measurements with missing data will automatically be excluded from the analyses of the variables in concern. Statistical analyses will be performed using SAS System for Windows, V.9.4 and JMP Pro V.13 or later versions (SAS Institute).

Patients and public involvement {#s2-11}
-------------------------------

The MAPPAC research questions and outcome measures were based on the results of original APPAC trial[@R25] and the study protocol was developed together with the study group surgeons, clinical microbiologists and immunologists. Patients were not directly involved in the design of this study and the burden of study participation was not assessed by patients themselves. On recruitment, patients are well informed of all aspects of the trial including antibiotic or symptomatic therapy of CT-confirmed uncomplicated acute appendicitis, difference between complicated and uncomplicated acute appendicitis, treatment success, possible late recurrence and safety in order to help patients make an informed decision about trial participation. Patients also receive additional instructions in a phone call made prior to follow-up sample collection at 6 and 12 months. After completion of data collection and analysis, the patients will be informed of the study results and they will be provided with an opportunity to ask further questions.

Dissemination {#s3}
=============

Data collection and confidentiality {#s3-1}
-----------------------------------

All data and samples are handled confidentially and the information in the datasets is non-identifiable. Data are gathered during the emergency room visit, hospitalisation for acute appendicitis, clinical observations and follow-up phone calls. The main investigators will be in charge of the common database with full access to the data which is, otherwise strictly limited. As the MAPPAC and APPAC II and III trials are based on the same patient population, the interventions partly overlap and the enrolled patients are informed about this overlapping of the trials and the acquired data.

Withdrawal {#s3-2}
----------

Patients are informed of their right to withdraw from the study without explanation at any time. In case of patient withdrawal, they will be asked for permission to use their data.

Dissemination plan {#s3-3}
------------------

Results from this trial and reported in articles which will be published in peer-reviewed journals. Results are also presented at national and international conferences to further distribute this research.

Discussion {#s4}
==========

As non-operative treatment for uncomplicated acute appendicitis has been shown to be efficient and safe also at long term[@R25] and cost-effective,[@R37] understanding both the aetiology of the different appendicitis forms and potentially predicting the recurrences has become of utmost clinical importance in order to thoroughly evaluate all the optimisation of the different treatment options. The MAPPAC trial aims to assess this largely unknown microbiological aetiology of the different disease forms of acute appendicitis. Further, the whole microbial entity, that is, profile both in the appendix and in gut is studied, and their role in the disease severity and form is assessed. In addition, the effects of antibiotic and placebo treatments on the GM profile and the effects of the duration of the hospital stay on the AMR reservoir of the GM will be assessed. With the longitudinal study design, both the immediate and long-term effects of the antibiotic treatment on GM can be analysed. As the hospital stay differs in APPAC II and III patients, the effects of the duration of the hospital stay on the emergence of resistant bacteria and AMR reservoir can be evaluated. Moreover, the comparison of the effects of antibiotic treatment on GM between two different administration routes (p.o. and intravenous+p.o.) is possible.

In the 5-year follow-up of the original APPAC trial, 39% (n=100) of the antibiotic group patients underwent appendectomy for either during the primary hospitalisation or for suspected late appendicitis recurrence. Out of these 100 patients, 85 were operated on for suspected recurrence and 78 patients had a histopathologically confirmed acute appendicitis.[@R26] Understanding the pathophysiology and contributing factors in recurrent appendicitis are of vital clinical importance in evaluating the optimal treatment paradigms for uncomplicated acute appendicitis. Therefore, MAPPAC trial is assessing both initial non-responders to antibiotic therapy and recurrent appendicitis after successful initial antibiotic treatment and these results may provide novel tools to predict the potential recurrence risk and thus help to assess the optimal treatment choice for patients with uncomplicated acute appendicitis.

Strengths and limitations {#s4-1}
-------------------------

MAPPAC has a strong synergy between APPAC II and III studies enabling the enrolment of both uncomplicated and complicated acute appendicitis patients in a large prospective series with associated clinical data to be assessed in conjunction with the microbiological and immunological findings. In many aspects, MAPPAC is an exploratory study of possible associations of whole microbial community and host immune characteristics with uncomplicated versus complicated appendicitis and antibiotic response among patients in clinical trials treated with and without antibiotics. MAPPAC trial aims to generate hypotheses to better understand the role of disease progression and host susceptibility for future studies, that is determination of one primary outcome is insufficient for the study, as several factors are indispensable for the understanding of aetiology and the effects of antibiotics on GM all provided with this unique set of microbiological samples. To our knowledge, only one previous study[@R12] has characterised the adult appendix microbiota during appendicitis in adult patients using NGS technique and to date no reports on the structure and physicochemical contents of appendicoliths exists. Using these assessments is a strength in our study. Further, to our knowledge, this is the first trial aiming to prospectively assess the possible microbiological and/or immunological aetiology of appendicitis recurrence after a successful initial conservative treatment with antibiotics or symptomatic therapy and primary non-responders to conservative treatment of uncomplicated acute appendicitis. One of the main hypothesis of the MAPPAC study is that the microbial composition of appendix differs between CT differentiated complicated and uncomplicated appendicitis. Therefore, strong element of the study is that all patients included in the study are imaged with CT protocol. CT scan is the gold standard for acute appendicitis imaging and this near perfect accuracy of CT adds to the reliability of the clinical data and appendicitis severity also in the patients with uncomplicated acute appendicitis without a histopathological confirmation of the appendix.

The study limitations include the difficult challenge of conducting prospective clinical trials in the emergency setting. It is expected that all eligible patients may not be evaluated for enrolment or some patients may not have all study samples available as the recruitment is performed by a large number of surgeons on call. The lack of healthy control group is a limitation in the study regarding both the aetiology and in determining the effects of antibiotics on GM, as the results cannot be fully distinguished from the effects of acute appendicitis.
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